In this study we characterized the presence and subtype (ST1-ST4) of Blastocystis in patients attended at a referral center for tropical diseases in Northern Italy. We also, evaluated the organism's association with other intestinal parasites. Parasite screening was performed on 756 patients, from different geographical origins (namely, Italians, Africans, South Americans, Asian and non-Italian Europeans) in which Italians represented the largest group. Blastocystis was seen to be the most prevalent parasite in the study. Subtype 3 and 1 were the most frequently found in the Italians and Africans. Our data confirmed previous studies performed in Italy, in which ST3 proved to be the most prevalent subtype, but we highlighted also a high frequency of mixed subtypes, which were probably underestimated in former analyses. Interestingly, the mixed subtypes group was the most prevalent in all the analysed geographical areas. About half of our cases showed other co-infecting parasites and the most frequent was Dientamoeba fragilis. Our study confirms that, in Blastocystis infection, multiple subtypes and co-infecting parasites are very frequently present, in particular Dientamoeba fragilis.
Introduction
Blastocystis is a common enteric protist, belonging to the heterogeneous infrakindom of Stramenopiles [1] . It has a worldwide distribution and is transmitted by fecal-oral direct contact or waterborne transmission [2, 3] . The pathogenicity of the parasite remains controversial. Several publications suggest an association with gastrointestinal (GI) symptoms such as diarrhea, abdominal pain, nausea, vomiting, fatigue, flatulence, irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD) [4] [5] [6] [7] [8] . In the majority of these cases, GI symptoms can be successfully treated with antiparasitic drugs [5, 6] . Moreover, an association with cutaneous symptoms and urticaria is also suggested [9, 10] . Nevertheless, there are also a number of studies in which Blastocystis spp, is found in feces from many asymptomatic individuals [11] [12] [13] . Recent molecular genetic studies demonstrated the existence of ten subtypes (STs) in humans (ST1-ST9 and ST12 [5, 13] ), classified according to different small-subunit (SSU) ribosomal lineages [14] . Subtype determination can be obtained by the molecular analysis of a particular a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 genomic region of the SSU-ribosomal DNA (rDNA) [15] [16] [17] . Whether pathogenicity is linked to a particular subtype or association with other parasite co-infections remains unclear. Moreover, the incidence of mixed-ST infections was often not considered or underestimated, due to methodological issues [17] .
Different studies demonstrated that subtypes 1 to 4 are the most common in humans [5, 6, 18] and that they have different geographical distributions.
In the present study, fecal specimens collected from patients suspected of harboring intestinal parasites and attending our center for tropical disease between 2014 and 2015 were screened for the presence of Blastocystis DNA. The aim of the study was to characterize the distribution of Blastocystis subtypes in our patients, evaluating: i) the influence of the geographical origin, ii) the dynamics of mixed STs and iii) the association with other parasite coinfections, in order to explore the prevalence and the diversity of Blastocystis infections in our cohort population. In order to highlight the presence of mixed-ST infections, we applied the quick and sensitive nested-PCR method described by Scanlan et al [17] and developed for large studies with multiple samples, focusing the analysis on the four most frequent STs (ST1-ST4). This method is reported to be the most sensitive in the detection of mixed infections, circumventing laborious clone library preparations [17] .
Materials and methods

Setting and participants
This retrospective study was performed at the Centre for Tropical Diseases of the IRCCS Sacro Cuore Don Calabria Hospital in Negrar (Verona), a referral center for tropical medicine in Veneto region. Patients attending our center are mostly Italians mainly coming from Veneto and neighboring regions, missionaries who need medical assistance, and recently arrived immigrants. According to our clinical protocols, we carry out the first-level molecular parasitology screening in patients with gastrointestinal symptoms and/or eosinophilia, and in immigrants and adopted children coming from Africa, Asia and South America, irrespective of symptoms/signs.
The sample identification code was retrieved from the electronic database of the molecular parasitology laboratory, searching among all fecal specimens collected from January 2014 to December 2015 and submitted to molecular screening for intestinal parasites. The patients' age ranged from 0 to 88 years. Although patients are usually referred to our center for intestinal parasites investigation after the exclusion of other infections, we could not exclude the presence of potential viral or bacterial pathogens, since this information was not available for all the samples.
Ethics approval and consent to participate
Fecal samples were collected in accordance with the requirements of the Declaration of Helsinki; all patients included in this study gave their written consent to the donation of their biological samples for research purpose. All data were fully anonymized before the retrospective analysis. The study protocol received ethical clearance by the local competent Ethics Committee (Comitato Etico per la Sperimentazione Clinica delle Province di Verona e Rovigo, protocol number 34680, 2017).
Variables and study size
In the two-year period, 756 samples (one fecal specimen per each subject) were tested for the presence of Blastocystis spp by real-time polymerase chain reaction (Rt-PCR).
Samples positive for Blastocystis spp. were further characterized for the presence of the four most frequent human subtypes (ST1, ST2, ST3 and ST4) by a specific nested-PCR. The clinical records of patients submitted to Blastocystis subtypes analysis were searched in order to classify the cases in one of the following categories: presence of GI (IBS, IBD, abdominal pain, diarrhea) symptoms, presence of itching, no symptoms. Age, sex and geographical origin of the patients (Italians, non-Italian Europeans, Africans, Asians and South Americans) were considered. No information was available about occupational activity or travelling history. The presence of other possible parasites was also retrieved from the database of the molecular parasitology laboratory.
DNA extraction and molecular screening for intestinal parasites
According to the routine procedure of our laboratory, Fecal samples collection and DNA extraction was performed according to the routine procedure of our laboratory, as previously described [19] . Molecular diagnostic screening for intestinal parasite was performed by three separate multiplex Rt-PCRs for Entamoeba histolytica-Entamoeba dispar-Cryptosporidium spp., for Giardia intestinalis-Dientamoeba fragilis-Blastocystis spp. and for Strongyloides stercoralis-Schistosoma spp-Hymenolepis nana. Multiplex Rt-PCRs were performed adapting the protocol reported by Verweij and colleagues [20, 21] . Details on methods are available in Protocols.io open access repository at the following link: dx.doi.org/10.17504/protocols.io. sf9ebr6.
Blastocystis subtype analysis
Nested-PCR was adapted from Scanlan et al. [17] . Briefly, a first step PCR was performed to provide a Blastocystis specific 18S rDNA template for each of the subsequent ST-specific PCRs (ST1, ST2, ST3, and ST4). RD5, BhRDr, ST1-F, ST2-F, ST3-F, ST4-F primers sequences were retrieved from Scanlan et al. [17] and PCR was performed using iTaq DNA polymerase (BioRad) in 50 μL of reaction volume, according to the manufacturer's instructions. The following cycling conditions were applied for the first step PCR: initial denaturation 95˚C for 3 min, 30 cycles at 94˚C for 1 min, 59˚C for 1 min, 72˚C for 1 min, final elongation 72˚C for 5 min. 5 μL of DNA sample was used. The ST-specific PCRs were performed as follows: initial denaturation 95˚C for 3 min, 35 cycles at 94˚C for 30 sec, T annealing primers for 30 sec, 72˚C for 1 min, final elongation 72˚C for 5 min. The following T annealing were used: 56˚C for ST1 and ST2, 48˚C for ST3 and ST4. 1 μL the initial PCR product was loaded per each reaction. A notemplate control was always included in each PCR run. PCR products were analysed by 2.5% agarose gel electrophoresis, to detect the specific DNA bands [17] . An example of gel image is reported in supplementary figure (S1 Fig). 
Statistical analysis
Descriptive statistical analysis was carried out for the entire cohort and separately for each continent of origin of the patients. The categorical variables were reported as frequencies and proportions, while the quantitative variables were presented as means with standard deviations (SD).
We then investigated on associations between all patients' characteristics through univariate logistic regression models, parametric and non-parametric statistical tests, such as Student's T-Test and Chi-Squared test. All statistical analyses were conducted using R, version 3.3.3 [22] .
Results
The retrospective analysis of our molecular parasitology database retrieved a set of 509 subjects with intestinal parasite's infections, of whom 258 were positive for Blastocystis. We found a higher prevalence of Blastocystis infection in males than in females (38.5% and 28.8% respectively). No association with age was observed (t-test, p = 0.264). Blastocystsis subtype analysis was successful for 221 samples out of 258. The characterized samples were stratified according to the geographical origin of the subjects. Details on subtype distribution across the different geographical groups, as well as the demographic characteristics of the subjects are reported in Table 1 .
ST3 and ST1 were the most frequent subtypes in our cohort, with a prevalence of 26.7% and 23.1%, respectively (Table 1) . Focusing on the two most representative areas of origin, ST1 and ST3 were confirmed as the predominant subtypes in both Italians and Africans. In all the analyzed geographical areas, the most prevalent group was composed by subjects infected by more than one Blastocystis subtype.
The most frequent mixed-ST was clearly the ST1-ST3 (Fig 1) , for almost all the analyzed geographical areas (Table 2 ). Although at a lower frequency, triple STs infections were also detected, for instance ST1-ST2-ST3 and ST1-ST3-ST4.
We evaluated a possible correlation between a particular subtype and age or sex, in any geographical region, but we did not find any significant association (data not reported).
Analysis of co-infecting parasites revealed that 46% of Blastocystis-positive samples had coinfections. No association was detected between a particular Blastocystis subtype and other parasites (data not reported), while we observed an inverse correlation between age and the occurrence of other co-infections (average ages: 31.7 vs 39.6 years of co-infected and non-coinfected patients, respectively; p = 0.004). Fig 2 shows the different co-infecting parasites detected across the geographical groups in our cohort.
Dientamoeba fragilis (D. fragilis) was the most frequent co-infecting parasite in all the geographical areas (Fig 2) , with 24% (53/221) of analyzed cases harboring also this parasite.
Considering this result, we further explored the possible correlation between Blastocystis and D. fragilis, finding a statistically significant association between the two parasites (OR: 1.86, 95% CI: 1.27 to 2.73). We also found an inversely proportional association between D. fragilis infection and age (OR: 0.97, 95% CI: 0.96 to 0.98).
Discussion
Blastocystis emerged as the most frequent intestinal parasite in patients referring to our Centre for Tropical Diseases, confirming previous reports indicating that Blastocystis infection has a higher prevalence than other intestinal parasites [23] . We could characterize Blastocystis subtype for 221 out of 258 positive samples. The presence of 37 uncharacterized samples was due to the applied method, which detects only the 4 most frequent subtypes (ST1, ST2, ST3 and ST4) and/ or to the low amount of available DNA. In fact, for 20 samples the DNA quantity was insufficient to complete the ST analysis, while 17 samples gave negative results. Among these 17 samples, 9 were from Italian, 6 from African, 1 from South American and 1 from European subjects. All the 17 samples gave very positive signals at the Blastocystis spp test (17.33�Ct�32.5 by real-time PCR and a detectable signal in the first step of the nested PCR), but they were negative at the ST1-4 specific test. The latter data suggest the presence of a ST different from ST1-ST4 in the 6.6% of subjects in our cohort. Several studies demonstrated that subtypes 1 to 4 are the most common in humans [5, 6, 18] and that they have different geographical distributions. Two previous studies confirmed that ST1-ST4 are predominant also in the Italian population [24, 25] , even though 4% of individuals presented different subtypes [in a total of 223 subjects, six carried ST6 [25] , one ST7 [24] and two ST8 [24, 25] ]. Both these studies applied the method of 18S rDNA barcoding [15] , using universal primers and sequencing. As indicated by Stensvold and Clark in 2016 [5] , the drawbacks of barcoding is that mixed subtype infections may not always be evident in sequence chromatograms and can be underestimated. In these studies, only for a small number of samples the PCR products were cloned and sequenced in duplicates, thus revealing the presence of four mixed-ST infections out of 34 cloned samples [24] . Compared to the two previous Italian studies referred above, an intriguing result of our analysis was the frequent presence of mixed subtype infections, across all the geographical areas. This observation points out how a sensitive subtype- specific PCR assay could highlight a frequent presence of mixed subtype co-infections [17] . This aspect received little attention in the past, since it was often underestimated by methodological limits and considered just an incidental finding. Recently, the presence of mixed subtype infections was demonstrated to be an important characteristic, in order to explore the diversity and distribution of this parasite in the human gut [17] . Applying the subtype-specific method updated by Scanlan et al. [17] , we were able to detect mixed infections in 36.1% of our cases, with ST1-ST3 being the most common mixed subtype combination, thus confirming previous reports [7] . In our cohort, we had the opportunity to compare subjects coming from different geographical areas. Our analysis highlighted that ST3 was the most prevalent subtype in Italians (23.7%), and ST1 was present at a slightly lower frequency (21.5%). ST3 was reported to be the most human-specific subtype [23, 26] , thus suggesting a human-to-human transmission. The two previous studies conducted in Italy [24, 25] observed a higher frequency of ST3 (about 45%) and a lower frequency of ST1 (about 15%) in Italian patients. This could be due to the different regional origin of the patients' population (our center is in northern Italy, while the other two studies were located in central Italy). In Africans, the second predominant geographical group in our cohort, ST1 and ST3 were the most prevalent subtypes, with equal frequency. Forsell and colleagues reviewed the subtype prevalence in Africa and, depending on the considered country, they reported ST1 and ST3 as actually being the most prevalent subtypes [27] . No particular subtype has been consistently linked to symptoms so far [28] . An association between Blastocystis spp and other parasites has already been observed [e.g. with G. intestinalis [27] , and with D. fragilis [29] ] but with no conclusive correlation with symptoms. The statistically significant association between Blastocystis and D. fragilis might indicate a cooperative interaction between the two protozoa. D. fragilis is also a commonly diagnosed parasite of the human gut and, as is the case with Blastocystis, its pathogenic role is still controversial [30] . The present study has some limitations, mainly due to the retrospective design. In particular, we could not accurately evaluate symptoms in our cohort. Furthermore, since the study has been conducted in patients suspected of harboring intestinal parasites, attending to our centre for tropical medicine, the results may not be representative of the general population. Moreover, we failed to characterize Blastocystis subtype in about 14% of the samples for the reasons outlined above.
Conclusions
Our study population confirms a high prevalence of mixed-ST in all the different geographical groups. We found a significant association between Blastocystis and D. fragilis that might indicate a cooperative interaction between the two protozoa. Further prospective studies on the potential clinical relevance of Blastocystis subtypes should be designed, exploring also the patients' immunological conditions and possible changes of gut microbiota associated to Blastocystis infection. 
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